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Pulse-width-modulation method for providing extended linearity, reduced commutation losses and
increase in inverter/converter output voltage.

The invention relates to voltage conversion
devices, whether for inversion or conversion it he et e =
includes a pulse-width-modulator 3 and a
three-phase, three-legged bridge, each leg
56,58,60 of the bridge having a pair of com-
plementary switches (S1/S1%*, S2/S2* S3/S3%).
One of the switches S1, S2 or S3 (S1*, 82* or Ug !
S3*) conducts in those time itervals where the
associated reference voltage UA UB or UC has a
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reference voltages. According to the present Ye
invention, (a) three reference voltages UA, UB,
UC are supplied, (b) the maximum of these pr—
voltages is detected, (¢) the maximum is sub- pHAEECE Unax 24— Yoo
tracted from the peak value UTP of a triangle TR ﬂ—iﬁ
wave used for forming the PWM signal, and (d) ) ;
the difference is added to each of the reference 20 2
voltages UA,UB,UC to form augmented refer- i REFERENCE
ence voltages UA',UB',UC’ supplying a PWM. [_MODIFICATION BLOCK (RMB) _ |

The result is that when one of the three \
reference voltages is greater than the other two,
a switch of one of the three complementary
pairs, both switches open and close in response
to the PWM signal such that only two currents
are independently controlled by each of the two
complementary pairs which are allowed to open
and close.
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This invention relates to PWM voltage conver-
sion.

In one and three-phase voltage source inverters
and converters, alternating voltage is generated usu-
ally from a constant DC bus voltage by switching on
and off semiconductor switches in a bridge according
to a PWM technique. The PWM technique which is
very often used is based on the comparison of a tri-
angular voltage with fixed frequency and a reference
voltage with fixed or variable frequency (triangle com-
parison method).

A single-phase PWM converter consists of a
PWM circuit (with control electronics), a semiconduc-
tor bridge, an AC voltage source in series with an in-
ductor, and a load on the DC side. Because the load
in a voltage source inverter (VSI) can be substituted
with an inductor in series with an AC voltage source,
the circuit topology for a VSI applies equally well for
a voltage source converter (VSC). A single-phase
PWM circuit typically consists of a triangle signal gen-
erator, a summer, and a comparator. The triangle sig-
nal generator produces a triangle signal Ut having a
carrier frequency f;, the peak values of the triangle
being +Usp and -Uqp. Ur is subtracted from a refer-
ence phase voltage U,, in the summer, producing an
error signal E,, which is provided to the comparator.
In response, the comparator produces a switching
signal Ug,, that controls two complementary switches
S1, S1=.

The bridge circuit, which receives the PWM sig-
nals for controlling 81 and S1x, consists of two circuits
having the load in common. One circuit consists of a
switching assembly, including a switch S1 and a free-
wheeling diode shunting that switch, a DC power sup-

ply having a voltage % , and a third element, the

load. The second loop consists of a second switching
assembly, including a switch S1x responsive toa NOT
gate and a freewheeling diode shunting the switch, a

second DC power supply having a voltage % , and

a third element, the load. The two circuits apply a vol-
tage of magnitude % across the load Z,.. When S1
is closed, the polarity of the voltage is opposite the
polarity when S1x is closed. If Ex, > 0 or Uy > Uy, the
output Ug, of the comparator assumes a value equal
to 1. The first switch S1 is now closed and the second
S1x opened. The voltage Uao across the load, be-
tween the line midpoint and the supply midpoint, is

%. On the other hand, if E, < 0, or Uy, = Uy, the out-

put Uga of the comparator is zero. The switch S1x is
now closed and the first switch S1 is opened. A neg-

ative voltage Upo =- % is applied across the load

Zs.
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When U, is positive, over a period fl the switch-
[

ing voltage Ugy is equal to 1 for a time longer than it
is equal to 0, and so S1 is closed more of the time and
S1x less of the time; the average value of load voltage

Upo is positive. When U, is 0, Ugy (0ver a period fl )
[

is 1 for the same amount of time as itis 0, S1 is closed
for the same amount of time as it is open, and S1x is
correspondingly open for the same amount of time as
it is closed; the average load voltage Uy is 0. When

Uy is a negative, Uga (Over a period fl) is 0 for a time
[

longer than itis 1, and S1+* is closed more of the time
than S1; the average load voltage is negative.

If the carrier frequency f; is much higher than the
frequency fr of the reference signal Uy, the locally
averaged supply phase voltage across the load most-
ly follows the reference phase voltage U, An ampli-
tude modulation index m, is defined as a ratio of the
peak value of sinusoidal reference voltage U, and
peak value Urp of the triangular voltage Ut. The aver-
age load voltage within each period of the triangle
wave is a locally averaged voltage UaoLavr and tracks
Uu so long as the magnitude of Uy is less than Uqp.
To the extent that the locally averaged voltage Upo
Lavr tracks Uy, the inverter output is a linear function
of its input Ua. The peak value of Upgayr = My *
Udc

2,
than 1. For a modulation index m, equal to 1, the max-
imum locally averaged voltage Uag avr is applied to
the load, and the saturation limit of the PWM circuit
is reached. Accordingly, my = 1 provides a linear sys-
tem while my > 1 provides a non-linear system. Stated
differently, the locally averaged voltage Upo avr fOl-
lows Uy, so long as |Urp| is = [Uxl. Further in-
crease in the reference voltage Uy, is not followed by
a proportional increase of the load voltage Uag.

The analysis for a three-phase inverter is similar
because it is simply the sum of three single-phase in-
verters.

For a three-phase system, the line voltage U_ is
Up * V3 times bigger than the phase voltage Uy . For
a PWM inverter/converter with a triangular PWM
technique, the peak value of the phase voltage that

can be achieved is Up = % and therefore the peak

as long as the modulation index m, is smaller

line-to-line voltage, is equal to (%) * V3.

The three-phase PWM inverter has problems.
First, in the three-phase bridge, the peak value that
the line voltage can reach is Upc. This is 15.4% higher

Udc
th
an ( 2
triangle comparison method. The possibility of in-
creasing phase voltages by 15.4% without saturation,
by applying different modulation techniques, is clear.

) % V3, the value that can be reached by the
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For an inverter, this means a 15.4% increase in output
voltage. For a converter this means a 15.4% increase
in the allowed input voltage. Second, saturation of the
PWM circuit causes a reduction of gain in the vol-
tage/current control loops using the PWM and dete-
rioration of the dynamic characteristics of the inver-
ter. Third, the PWM circuit produces commutation
losses in proportion to the high carrier frequency f..

One method of providing both extended voltage
range and reduced commutation losses is reported by
Malesani, L. and Tenti, P., et al., "Improved Current
Control Technique of VSI PWM Inverters with Con-
stant Modulation Frequency and Extended Voltage
Range", IEEE-IAS, Conference Record of the 1988
IEEE Industry Applications Society Annual Meeting
23rd. This method modifies conventional hysteresis
current regulators. A hysteresis current regulator
compares a current fed back from a phase current
and provides a current error signal to a hysteresis
comparator which provides PWM signals to comple-
mentary switches in a leg of a bridge. Malesani, L., et
al., modifies conventional three-phase hysteresis to
achieve an approximately 15% increase in inverter
output voltage and regulates to reduce commutation
losses by a factor of one-third, by performing modu-
lations on only two inverter legs at a time, while the
third stands at the positive or negative pole of the
supply voltage. Phase current error beyond a hyster-
esis band is the index for determining which leg will
stand.

Hysteresis regulators are not suitable for micro-
processor software implementation because they re-
quire fast comparators which must change state in re-
sponse to the controlled variables independently of
the sampling intervals of the microprocessor. Hyster-
esis regulators are normally implemented in hard-
ware.

In an inverter power conversion bridge, the in-
vention recognizes that in linear operation of the tri-
angle PWM method where the amplitude modulation
index m, is smaller than 1, the maximum line-to-line
U;ic) * V3 although the peak
voltage across the bridge is Upc. Upc is 15.4% larger

Udc
than ( 2
in the three-phase balanced system, I, + Ig + I¢c = 0;
only two currents are independent, and the third can
be controlled by controlling the other two. Given
these two propositions, there are therefore time inter-
vals when one of the pairs of complementary
switches S1/S1%, S2/S2*, or S3/S3* can be kept
closed or open, and all three currents will be control-
led by two other pairs of complementary switches in
active legs of the bridge, by controlling only two cur-
rents.

According to one aspect of the present invention,
there is provided

voltage U, is equal to (

) * ¥3. The invention also recognizes that
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a method of voltage conversion using a
pulse-width-modulator and a bridge, said bridge in-
cluding at least three legs, each including two com-
plementary switches, comprising the steps:

providing a plurality of sinusoidal reference
signals, displaced one from another by a phase an-
gle, one associated with each leg;

detecting a maximum magnitude of said sinu-
soidal reference signals for providing a maximum ref-
erence signal;

subtracting said maximum reference signal
from a signal of constant magnitude equal to the am-
plitude of a triangle carrier signal from said pulse
width modulator, for providing a difference signal;

adding said difference signal to said sinusoidal
reference signals for providing a plurality of augment-
ed reference signals, one associated with each leg, to
said pulse-width-modulator. The result in that when
one of the three reference voltages is greater than
the other two, a switch in one of the three comple-
mentary pairs of switches in the bridge conducts,
while in each of the other two complementary pairs,
both switches open and close in response to the
PWM signal such that only two currents are indepen-
dently controlled by each of the two complementary
pairs which are allowed to open and close, and the
third current, associated with the complementing pair
which is not allowed to switch, is controlled by the
other two. Keeping one switch in each leg closed for
one-third of the period of the reference voltage allows
control of all three load currents to be dictated by the
switching in only two legs of the bridge. This method
has several advantages.

First, this method increases the bridge output
voltage, and therefore the power, by 15.4%. without
distortion of the phase voltages, the load midpoint
voltage (point 0’, Fig. 1) being different from the mid-
point of the supply voltage (point O, Fig. 1). Second,
because the output voltage has increased 15.4%
without distortion, the linear range of operation of the
inverter is extended. Consequently, the reduction in
gain in the control loops and deterioration of dynam-
ics which accompany saturation of the PWM at my =
1.0 are not encountered until m, = 1.154. Third, since
one leg of the bridge constantly conducts and there-
fore does not commutate for one-third of the period of
the reference voltage, losses accompanying commu-
tation are reduced by one-third. Finally, it can be
readily implemented in hardware or software.

According to a second aspect there is provided

a voltage conversion bridge including a
pulse-width-modulator (PWM) and a bridge opera-
tively connected to said PWM, said bridge including
at least three legs, each including two complemen-
tary switches, comprising:

means for providing a plurality of sinusoidal
reference signals, displaced one from another by a
phase angle, one associated with each leg;
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detecting means for detecting a maximum
magnitude of said sinusoidal reference signals for
providing a maximum reference signal;

subtracting means for subtracting said maxi-
mum reference signal from a signal of constant mag-
nitude equal to the amplitude of a triangle carrier sig-
nal from said pulse width modulator, for providing a
difference signal;

a summer for adding said difference signal to
said sinusoidal reference signals for providing a plur-
ality of augmented reference signals, one associated
with each leg, to said pulse-width-modulator.

Itis afirst object of the invention to extend the lin-
ear operation of a three-phase, three-legged PWM
power conversion bridge by making a 15.4% increase
in the line-to-neutral voltage U,o at which distortion
occurs. This is accomplished by augmenting all three
phase voltages applied to the PWM by the difference
between a constant voltage and the greatest of the
three phase voltages such that while a phase voltage
is greatest, a switch in the leg associated with the
greatest voltage is kept closed. With one switch in a
leg closed for 120°, all three load currents are confrol-
led by the closing and opening of the switches in the
other two legs, and the voltage across the bridge

3
equals Upc, rather than Upc * - as in the conven-

tional triangle comparison method.

It is a second object to reduce commutation loss-
es by one-third.

Itis a third object to increase PWM power conver-
sion bridge output voltage and power by 15.4%.

Without the present invention, to get a 15.4% in-
crease in power requires a 15.4% increase in input
current that requires more expensive semiconductor
switches capable of handling increased current re-
quirements. This current increase thus results in in-
creased losses.

A preferred embodiment of the present invention
will now be described by way of example only and with
reference to the accompanying drawings, wherein

Fig. 1 is a block diagram representation of a cir-

cuit for implementing the present invention in a

voltage source inverter;

Fig. 2 is a voltage v. time graph of a three-phase

sinusoidal voltage, Usgc. The amplitude modula-

tion index m, is less than 1;

Fig. 3 is a voltage v. time graph of a difference

signal, Upp. Figs. 2 and 3 are on a common time

line and m, is less than 1;

Fig. 4 is a voltage v. time graph of a three-phase

sinusoidal voltage, Usgc. The amplitude modula-

tion index m, is greater than 1;

Fig. 5 is a voltage v. time graph of a difference

signal; Upp. Figs. 4 and 5 are on a common time

line and m, is greater than 1;

Fig. 6 is a voltage v. time graph showing a refer-
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ence phase voltage, U, an augmented reference

phase voltage Uy, and a triangle signal, Uy for my

=.8;

Fig. 7 is a voltage v. time graph of the PWM

switching signal, Ugn for my = . 8;

Fig. 8 is a voltage v. time graph of the locally aver-

aged phase voltage Upoavr across load Z, and

the locally averaged phase voltage UpoLavr for
my =.8§;

Figs. 9, 10, 11 are similar to Figs. 6, 7, and 8, ex-

cept that my = 1.154; and

Fig. 12 shows a circuit for implementing the in-

vention in a converter circuit.

Fig. 1 shows a circuit for implementing the inven-
tion. It includes a reference modification block (RMB)
1, a pulse-width-modulator 3, and a semiconductor
bridge 5. The bridge 5§ may be for inversion, DC to AC,
orconversion, AC to DC. RMB 1 isresponsive to three
sinusoidal reference phase voltages U, Ug Ug, a tri-
angle voltage U+, and produces three augmented ref-
erence phase voltages Uu , Ug/, Ue. Uy Ug and U are
control signals; power in the inverter is obtained from

two DC voltage sources % The three reference

phase voltages U, Ug U are spaced 120° apart. The
augmented reference phase voltages are spaced
120° apart. RMB 1 includes three summers 8, 10, 12,
a reference phase voltage comparator 20, and a
fourth summer 24 responsive to the positive peak
magnitude Uqp of a triangle signal U;. The negative
peak magnitude of the triangle signal Ut is -Uyp. The
three reference phase voltages Uy, Ug, Uc are provid-
ed to RMB 1 and on lines 2, 4, 6 to summers 8, 10,
12. The reference phase signals U,,Ug,U are provid-
ed to areference phase voltage comparator 20. In the
reference phase voltage comparator 20, the magni-
tudes of each phase voltage U,,Ug,Uc are compared
and the greatest, Uyax, is produced on a line 22 to a
summer 24.

In Fig. 1, a constant voltage triangle peak value
Uqp of triangle signal Uy is produced in PWM 3 and
provided on line 29 to summer 24. In summer 24, the
greatest voltage, Uyax, produced by the reference
phase voltage comparator 20 on line 22, is subtracted
from the triangle peak signal Up, and the difference
Upp provided on lines 30, 32, 34 to summers 12, 10,
8. Atthe summers 8, 10, 12, the difference signal Upp
is added to each of the reference signals U,,Ug,Uc,
thus providing on lines 40, 38, 36 augmented refer-
ence signals U, Ug U to PWM 3. The signal added
to Umax may be any constant signal Ugas, but Urp is
used here.

In Fig. 1, PWM 3 contains three summers 42, 44,
46, three comparators 48, 50, 52, and a triangle signal
generator 54. Each of the summers 42, 44, and 46 is
responsive to the augmented reference phase voltag-
es Un,Up,Uc on lines 40, 38, 36 and the triangle sig-
nal Ur provided by the friangle signal generator 54
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onto lines 47, 49, 51. The triangle signal generator 54
also provides Urp on line 29. The triangle signal Ut
has an amplitude of | UTPl and is therefore bounded
by +Up and -Uyp. The summers 42, 44, 46 provide er-
ror signals E,,Eg,E¢ to comparators 48, 50, 52. If Uy
(X is A, B, and C) is greater than Uy, the output of the
associated comparator 48, 50, or 52 assumes a value
Ugx = 1. Thus, the comparators 48, 50, 52 produce
switch signals Uga,,Ugp/,Usc and provide them to the
bridge 5. Bridge 5 includes three legs 56, 58, and 60.

In Fig. 1, each leg includes two complementary
semiconductor switch assemblies. The first leg in-
cludes a switch S1, a freewheeling diode D1 shunting
that switch, and a complementary switching assem-
bly--a NOT gate 62, a switch S1%, and a freewheeling
diode D1x* shunting that switch. The second leg 58 in-
cludes a switch S2, a freewheeling diode D2 shunting
that switch, and a complementary switching assem-
bly--a switch S2x, a NOT gate 64, and a freewheeling
diode D2x shunting that switch. The third leg 60 in-
cludes a switch S3, a freewheeling diode D3 shunting
that switch, and a complementary switching assem-
bly--a switch S3x, a NOT gate 66, and a freewheeling
diode D3+ shunting that switch.

The first, second, and third legs 56, 58, 60 of the
bridge 5 are responsive to the switch signals
Usa,Usg,Uscr, provided on lines 53, 55, 57. For exam-
ple, if E, is greater than zero or U, is greater than U,
the output of comparator 48 assumes a value Ugy, =
1. Switch S1 is closed and S1x is opened.

Formgy <1, the inputs Uy, Ug, U to the RMB 1 as
well as to the reference phase voltage comparator 20
(Ua, Ug, Uc) are shown in Fig. 2. The uppermost por-
tion of Fig. 2, the maximum of U,, Ug and Ug, is shown
in bold as Uyax. The triangle peak signal Uyp, provided
on line 29 by the triangle generator 54 in the PWM 3,
is shown. Figs. 2 and 3 are on a common time line and
are divided into three sections "A", "B", "C".

The difference signal Upp, produced by the sum-
mer 24 and equal to the difference between Uyp and
Umax. is shown in Fig. 3. Upp causes Uo’o to vary.
Uo’ois the potential difference between the load mid-
point o’ and the supply midpoint 0. The importance of
recognizing this is seeing that the invention, because
of Upp, increases the locally averaged load phase vol-
tage UaoLavr by 15.4% and, at the same time, allows
distortion in the locally averaged voltage Ug avr be-
tween line and supply midpoint (point 0 in Fig. 1), but
removes distortion from the locally averaged phase
load voltage Uxoavr between the line and the load
midpoint. For an inverter, the supply is the DC bus.
voltage Upc. In other words, for the 15.4% increased
voltage range, distortion is transferred from where it
matters, the load, to where it does not matter, Upo.
Without the RMB 1, Upo = Upo’, but with the RMB 1,
they differ in proportion to Upp.

The arrows in Fig. 2 represent the magnitude and
sense of the alteration of U, and Ug and U on lines
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2, 4, 6 produced in the summers 8, 10, 12 to achieve
U, and Ug and Ug on lines 40, 38, 36. U, and U, are
shown in Figs. 6 and 9.

Fig. 3 is a voltage v. time graph of a difference
signal, Upp. Figs. 2 and 3 are on a common time line
and m, is less than 1.

Fig. 4 is a voltage v. time graph of a three-phase
sinusoidal voltage, Us g c. The amplitude modulation
index m, is greater than 1.

Fig. 5 is a voltage v. time graph of a difference
signal, Upp. Figs. 4 and 5 are on a common time line
and m, is greater than 1.

Fig. 6, on a voltage v. time graph, shows the tri-
angle voltage U, the reference phase voltage U,,
and the augmented reference phase voltage U,. The
graphs of U, and U, and Uy are similar for the other
two reference phase voltages Ug and U, but shifted
120° and 240°, respectively. The graph of U, in Fig.
6 is divided into five sections: "A", "B", "C", "A", "B".
These sections are analogous to those in Figs. 2 and
3 where three sections were shown. In the sections
labeled "A", U, is the greatest of the three phase vol-
tages; the addition of Upp causes U, to be equal to
U+r and Ugy to be equal to 1. During "A", the switches
S1 and S1x in the leg associated with U, do not open
and close with f.. The switch S1 is closed in response
to Usa and S1x is open. The complementary switches
in legs 2 and 3 may switch at frequency f; of the tri-
angular voltage U, but not those in leg 1.

In the sections labeled "B", the reference phase
voltage U is the greatest of the three voltages, and
the effect of the addition of Upp on the phase voltage
Uy, resulting in Uy, is shown. The effect on U is the
same as that upon U, in section "A". While Uy is the
greatest, switch S2 is closed and switch S2x open.
The complementary switches in legs 1 and 3 may
open and close, but not those in leg 2.

In section "C", the voltage U; is the greatest of
the three phase voltages, and the switch S3, in the
leg of the bridge 5 associated with the phase voltage
Uc, is closed. The complementary switches in the first
and second legs of the bridge 5 are allowed to open
and close, but not those in leg 3.

Fig. 7 shows the switching signal Ug,’ in a voltage
v. time graph on a time line common with Figs. 6 and
8. While U, is the largest of the three voltages, switch
S1 is always closed and conducting. While phase vol-
tage Ug is the largest of the three, switch S1 and its
complement S1* and switches S3 and S3+ are switch-
ing. Similarly, 120° later, S3 conducts while S1, S1x,
S2, and S2=* switch.

Fig. 8, on a voltage v. time graph, shows the lo-
cally averaged voltage Upoavr and the locally aver-
aged load phase voltage Uaoavr- UnoLavr is the time-
average of voltage between points o and o’ in Fig. 1.
Prior art PWM circuits would become non-linear in
section "A" where the reference voltage U, exceeds
the magnitude of the triangle signal Uyp. According to
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the invention, the locally averaged voltage Uxo avr iS
non-sinusoidal and does not follow the reference vol-
tage U, as in the prior art. The line-to-line voltage U,,
the difference between any two of non-sinusoidal
Unoravrs Ueoravr and UcoLavr, remains sinusoidal as
long as the amplitudes of the input voltages U, Ug:
and Uc remain smaller than +Upp which is fulfilled if
the amplitudes of U,,Ug and U, are smallerthan 1.154
* Urp. The sinusoidal locally averaged line-to-line vol-
tages provide, in a balanced three-phase load, sinu-
soidal locally averaged load phase voltages UaoLavr,
UgoLavr and UcoLavr- The amplitude of the non-dis-
torted line-to-line voltage is Upc, causing the non-dis-
torted locally averaged phase voltages Uagavr, Uso—
Lavr and Ucoravr to have amplitudes Upc/V3 which is

15.4% higher than % % is the amplitude of local-

ly averaged load phase voltages (Uaoravr = UnoLavr;
Usoavk = UsoLavri Ucoavr = Ucolavr) that can be
achieved using triangle comparison methods without
RMB 1. Thus the invention extends linearity because
Uaoravr tracks U, at a voltage U, 15.4% higher than
in the prior art.

Whereas Figs. 6, 7, and 8 represent the input/out-
put characteristics where the modulation index my
is .8, Figs. 9, 10, and 11 show the case where the
modulation index m, is 15.4% higher than 1, equal to
1.154. Figs. 2 and 3 are to Figs. 6, 7, and 8, respec-
tively, as Figs. 4 and 5 are to Figs. 9, 10, and 11, re-
spectively; for the former five figures m, is less than
1, while for the latter five figures m, is greater than
1. Despite the higher reference phase voltage Up
(where m, = 1.154), the inverter operation remains
linear. Fig. 9 shows that during sections "A", the lo-
cally averaged phase voltage Uaoavr cONtinues to
track the reference U,. Graphs for sections "B" and
"C" are similar, but lag "A" by 120° and 240°.

The invention may be implemented in hardware
or software. Selection of maximum values of phase
voltage references U, Ug and Uc; Uyax and Ugas =
Urp provides continuous conduction of switches S1,
S2 and S3 and continuous turnoff of complementary
switches S1x, S2* and S3* during periods of time
when corresponding voltage references are maxi-
mum. Selection of minimum values of references Uy
Ug and Ug; Uy and Ugjas= -Urp will provide continu-
ous conduction of switches S1%, S2* and S3* and
continuous turn off of switches S1, S2 and S3 during
periods of time when corresponding voltage refer-
ence are minimum. The same results regarding ex-
tended linearity and reduced commutative losses
hold for both cases. In addition, the bridge comprising
the PWM 3 and the bridge 5 may be either for inver-
sion, i.e. a constant voltage to alternating voltage
transformation, or conversion, i.e. alternating voltage
to constant voltage transformation. Fig. 1 presents an
inverter circuit implementing the invention. If ele-
ments 70 are replaced by sinusoidal power voltage
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sources Up and Ug and U in series with inductors, a
converter for implementing the invention is obtained
as shown in Fig. 12. Whereas for the inverter circuit
the AC voltage output is increased by 15.4%, for the
converter with the source DC power output, the AC
input voltage is increased over the prior art by the
same amount.

Although the invention has been shown and de-
scribed with respect to a best mode embodiment
thereof, it should be understood by those skilled in
the art that the foregoing and various other changes,
omissions, and additions in the form and detail there-
of may be made therein without departing from the
scope of the invention.

Claims

1. A method of voltage conversion using a pulse-
width-modulator and a bridge, said bridge includ-
ing atleastthree legs, each including two comple-
mentary switches, comprising the steps:

providing a plurality of sinusoidal refer-
ence signals, displaced one from ancther by a
phase angle, one associated with each leg;

detecting a maximum magnitude of said si-
nusoidal reference signals for providing a maxi-
mum reference signal;

subtracting said maximum reference sig-
nal from a signal of constant magnitude equal to
the amplitude of a triangle carrier signal from said
pulse width modulator, for providing a difference
signal;

adding said difference signal to said sinu-
soidal reference signals for providing a plurality of
augmented reference signals, one associated
with each leg, to said pulse-width-modulator.

2. The method of claim 1, wherein said bridge is
used for conversion from alternating voltage to
constant voltage.

3. The method of claim 1, wherein said bridge is
used for conversion from constant voltage to al-
ternating voltage.

4. A voltage conversion bridge including a pulse-
width-modulator (PWM) and a bridge operatively
connected to said PWM,said bridge including at
least three legs, each including two complemen-
tary switches, comprising:

means for providing a plurality of sinusoi-
dal reference signals, displaced one from another
by a phase angle, one associated with each leg;

detecting means for detecting a maximum
magnitude of said sinusoidal reference signals for
providing a maximum reference signal;

subtracting means for subtracting said
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maximum reference signal from a signal of con-
stant magnitude equal to the amplitude of a trian-
gle carrier signal from said pulse width modula-
tor, for providing a difference signal;

a summer for adding said difference signal
to said sinusoidal reference signals for providing
a plurality of augmented reference signals, one
associated with each leg, to said pulse-width-
modulator.

The voltage conversion bridge of claim 4, wherein
said bridge is used for conversion from alternat-
ing voltage to constant voltage.

The voltage conversion bridge apparatus of claim
4, wherein said bridge is used for conversion from
constant voltage to alternating voltage.
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